Surgical correction greatly decreases the mortality and cardiac morbidity of cyanotic congenital heart disease, but children remain at risk of long term difficulties in other areas. A historical cohort study was conducted to determine the relation between heart disease and school performance in 29 children aged 7 to 12 years old with simple transposition of the great arteries or tetralogy of Fallot. All children had surgical correction of their lesion before 2*5 years of age. Those at greater risk of school difficulties because ofrecognised complications of their heart disease or for reasons other than directly attributable to the heart disease were excluded. Comparison was made with 36 children who had presented with cardiac murmurs at a similar age, but who did not require treatment. Children with cyanotic disease showed significantly poorer performance in all academic areas assessed by the Wide Range Achievement Test-Revised; the difference in group mean score (adjusted for differences in maternal education, sex, and parental occupational prestige) for reading was 103 points (confidence interval (CI) 1P25 to 19-34), for spelling [7] [8] (CI 111 to 14.52), and for arithmetic 6-8 (CI 019 to 13.39). The Other eligibility criteria were (a) only small to moderate sized ventricular septal defects in association with tetralogy of Fallot and a patent ductus arteriosus and/or no to small ventricular septal defect in those with transposition of the great arteries, (b) age less than 2-5 years at the time of the corrective operation (and therefore between 6 and 12 years of age when studied, in at least their second year of school), (c) It was hoped that, by using children with functional murmurs or insignificant cardiac lesions, control for some of the psychological effects of diagnosis of a cardiac disorder in a young child would be possible, while allowing consideration of medical and surgical parameters that had been hypothesised as associations with adverse outcomes. The controls used were therefore not 'normal' in terms of early environmental factors.
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Abstract Surgical correction greatly decreases the mortality and cardiac morbidity of cyanotic congenital heart disease, but children remain at risk of long term difficulties in other areas. A historical cohort study was conducted to determine the relation between heart disease and school performance in 29 children aged 7 to 12 years old with simple transposition of the great arteries or tetralogy of Fallot. All children had surgical correction of their lesion before 2*5 years of age. Those at greater risk of school difficulties because ofrecognised complications of their heart disease or for reasons other than directly attributable to the heart disease were excluded. Comparison was made with 36 children who had presented with cardiac murmurs at a similar age, but who did not require treatment. Children with cyanotic disease showed significantly poorer performance in all academic areas assessed by the Wide Range Achievement Test-Revised; the difference in group mean score (adjusted for differences in maternal education, sex, and parental occupational prestige) for reading was 103 points (confidence interval (CI) 1P25
to [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] , for spelling [7] [8] (CI 111 to 14.52) , and for arithmetic [6] [7] [8] (CI 019 to 13.39 ). The differences in adjusted group means for the Wechsler Intelligence Scale for Children -Revised full scale, performance and verbal IQs were significant, particularly the later at 10*1 points (CI 2 59 to 17.61). Teacher reports indicated significant differences in arithmetic when outcome was dichotomised to 'below grade' or 'not below grade'. There were no significant associations between outcome measures and the medical or perioperative parameters, however, including those related to hypoxia. It is concluded that the increased incidence of academic problems and the nature of the cognitive difficulties in children with uncomplicated corrective cardiac surgery for cyanotic heart disease are not fully explained by chronic hypoxia, or by other factors related to the cardiac surgery.
(Arch Dis Child 1994; 71: [64] [65] [66] [67] [68] [69] [70] Cyanotic congenital heart disease has a birth prevalence of approximately 2/1000.1 The primary structural lesions are varied; tetralogy of Fallot and transposition of the great arteries are the most common, accounting for about 80% or more of cases. Continuing improvements in operative and medical management have seen cumulative survival rates increase dramatically in the last 30 years.2 Because these children are being operated on at an earlier age with the expectation of a 'normal' duration and quality of life, it is particularly important to determine adverse outcomes which supervene despite early normalisation of their cardiopulmonary state.
An important, but often unrecognised concomitant of childhood illness is poor school performance,34 a risk that is greatest when the central nervous system has been involved.5 There is evidence to suggest that children with cyanotic heart disease are at particular risk because of factors specific to their illness -chronic hypoxia, anaesthetic, and surgery conditions.612 Most studies, however, have focused on IQ, failing to examine functional measures of long term outcome (such as school performance), or have simply assumed hypoxia to be the major contributing factor6 8- Other eligibility criteria were (a) only small to moderate sized ventricular septal defects in association with tetralogy of Fallot and a patent ductus arteriosus and/or no to small ventricular septal defect in those with transposition of the great arteries, (b) age less than 2-5 years at the time of the corrective operation (and therefore between 6 and 12 years of age when studied, in at least their second year of school), (c) It was hoped that, by using children with functional murmurs or insignificant cardiac lesions, control for some of the psychological effects of diagnosis of a cardiac disorder in a young child would be possible, while allowing consideration of medical and surgical parameters that had been hypothesised as associations with adverse outcomes. The controls used were therefore not 'normal' in terms of early environmental factors.
ENROLMENT Contact was attempted with potential cases and controls by letter and then by telephone if there was no reply within two weeks. The Department of Social Security was used to pass on letters to families that could not be contacted, and who were on their records as receiving a government allowance. For those agreeing to participate, informed consent was obtained, questionnaires mailed to parents and teachers, and the child seen for one three hour session at the Royal Children's Hospital.
MEASURES
Parents provided information including parental age, education, and occupation, and whether they felt their child had been affected by his or her heart condition academically, physically, socially, or behaviourally. They also listed childhood illnesses and developmental milestones, which were verified where possible using the hospital records. Parents completed the child behaviour checklist (CBCL), which was used to obtain behavioural ratings,'8 and the teachers completed the teacher's report form (TRF). '9 Teachers indicated whether the child had been referred for extra assistance at school or repeated a grade, and gave a subjective assessment of their current level of academic performance compared with the others in the grade (on a five point Likert scale). The children were seen by a psychologist, blinded to their case status, who administered the Wide Range Achievement Test -Revised (WRAT-R) as a measure of academic achievement,20 and the full WISC-R (both standardised with mean 100 and SD 15 points).2' They were also seen by a paediatrician (not blinded to their case status, but using a standardised score sheet) who examined for neurological abnormalities22 and residual cardiovascular signs. He also administered the self perception profile for children (a measure of a number of domains of self perception completed by the child),23 the Corsi block span (a test of short term visual memory in which there is no contamination by the use of verbal memory, as the layout of the cubes inhibits numbering and subvocalisation by the child),24 the Rey auditory verbal (RAV) learning test (through the recall of a wordlist repeatedly read out, assessing short term auditory memory and processing skills in a manner more specific to the learning environment than a digit span),25 26 the Rey figure visual (RFV) learning test (a test of perceptual organisation and visual memory in which the child is firstly asked to copy a drawing of a complex shape, and then later draw the shape from memory),25 27 and selected subtests from the Bruininks-Oseretsky test of motor proficiency, examining fine and gross motor abilities and visuomotor performance.28 After the session, parents were sent a written report of the findings which summarised their child's performance, indicating areas of concern.
Follow up was offered through the department ofpsychology at the Royal Children's Hospital. *Adjusted for group differences in socioeconomic status, gender and matemal education.
Note: WRAT-R norms are standardised to mean= 100, SD= 15. four were excluded when information about disorders not managed at the Royal Children's Hospital was available from the parental questionnaires. One had a history of three focal seizures not temporally related to the cardiac operation, one had required bilateral leg callipers for the first three years of life due to bilateral upper motor neuron damage, one had pneumococcal meningitis a number of years after the operation, and the other had developed a right hemiplegia after the cardiac operation. Therefore 29/38 (76%) were included. Those who refused or were unable to be contacted may not all have fulfilled entry criteria, but were of similar age when the study was performed and at the corrective operation. Of this group, six (66%) had tetralogy of Fallot and eight (89%) were boys, v 12 (41%) and 20 (69%) in the final study group. These differences were not statistically significant (p=0-15 and 0-24 respectively). Contact was made with 45 of 80 controls, of whom 41 consented to the study. Five of these were excluded when further information from the parents indicated insufficient English (four) or that the child had a persistent symptomatic cardiac defect requiring ongoing treatment (one). Table 1 gives the baseline characteristics of the two groups. The greater number of boys in the case group was partly related to the greater incidence of transposition of the great arteries in boys (approximately 2'3 to 1, boys to girls). The mean (SD) haemoglobin concentration and oxygen saturation recorded before and closest to the time of the corrective operation were 162 (31 0) g/l and 84 (9 4)% respectively. The cases were between 4 and 120 weeks old when operated on (mean 45*7 weeks), 20 of them having had earlier palliative surgery. The mean (SD) duration of cardiac bypass and cardiac arrest were 61 (16-7) and 39 (7 5) minutes respectively. ACADEMIC OUTCOME When adjusted for differences in maternal education, socioeconomic status, and sex, the cases performed significantly worse than the controls in all three of the subscales of the WRAT-R (table 2) . WRAT-R reading, spelling, and arithmetic group mean scores were on the 13th, 12th, and 21st centiles for the cases and on the 34th, 25th, and 37th centiles for the controls. Approximate standardised effect sizes were moderately large, between 0 5 and 0-6. When further adjustment was made for differences in full scale IQ, these differences were lessened and became statistically non-significant. Values adjusted for differences between the two groups in gender, maternal education, and occupational prestige.
COGNrTIVE OUTCOME There were statistically and clinically significant differences between the group means in full scale IQ, performance IQ, verbal IQ, and in similarities, vocabulary, block design, object assembly, and coding subscales (table 4) . In all, the difference in adjusted means was greater than half a standardised standard deviation, and the full scale IQ difference represents a moderate to large effect size of two thirds. Using a paired t test for both cases and controls, verbal scores were significantly lower than performance scores (p=0007, CI 2-2 to 12-3 for the cases; and p=0-02, CI 10 to 115 for the controls).
SHORT TERM MEMORY ANCOVA was used to adjust for differences in distribution of age as well as socioeconomic status, sex, and maternal education. Using the maximum number of digits retained forward from the digit span subtest of the WISC-R, there was no significant difference in short term auditory memory (p=0-80; CI -033 to 0A47). ANCOVA was also performed using the number of blocks retained in the Corsi block span test. There was no significant difference (p=068; CI -035 to 053).
BEHAVIOUR/ADJUSTMENT
There was a significant difference between the two groups in the maladjustment rate recorded by the parents (p=0-015; CI for the difference in percentages 5°/O to 49%) and the parents of the cases were more likely to believe that the cardiac disorder had affected their child behaviourally (p=0035), but not in the other areas (table 5) . The maladjustment rate for the cases was significantly higher than the North American test norms (p<0001). Although there was no significant difference in any of the major and narrow band scales other than hyperactive (p=003), the cases scored higher in all but one narrow band scale. There was no difference between cases and controls in teacher reported incidence of maladjustment, both were similar to the North American norms, and there was no significant difference in the narrow or broad band scales of the TRF.
SELF PERCEPTION
Using ANCOVA for each of the six subscales in the Harter, there was no significant difference between cases and controls. When the cases were grouped into those performing greater than 1 SD below the WRAT-R reading mean, and those doing better, the former group rated themselves significantly lower for scholastic perception only (p=004; CI for differences in adjusted means 04 to 9-55).
MOTOR AND NEUROLOGICAL EXAMINATION
All the controls had a normal peripheral neurological examination. Five cases ( 17%) had mildly and symmetrically increased reflexes, without abnormalities of tone or To aid the consideration of whether the only reason for between group differences in academic and cognitive outcomes was the greater incidence of neurological impairment in the cases, and as the control group had worse motor performance than the standardisation sample, WISC-R IQ and WRAT-R scores were stratified according to the balance score (greater than or equal to 2 SDs below the test mean or above this value).
Those with poor motor performance had an equally poor outcome whether from the case or control group (table 6). For those with higher motor scores (in all the categories having a better outcome than those from the same group with lower motor scores), the controls performed significantly better than the cases on the WRAT-R scales and the WISC-R performance scale, with effect sizes between 0 5 and 075. On the other WISC-R scales, though the t95% CI for the difference in means.
Note: test mean scores are 100, SD 15.
differences were not statistically significant, effect sizes were between 0-5 and 0-55.
REY LEARNING TESTS
There was no significant difference between the two groups in the RAV when the scores for the first five recalls were added (p=0-15; CI -1-27 to 7-87), or in the RFV recall test (p=0 16; CI -1 -04 to . Differences in the RFV copy test were significant (p=0-002; CI 0-17 to 8 55).
Discussion
Children who had had successful surgical correction of uncomplicated transposition of the great arteries or tetralogy of Fallot at an early age, and who did not have evidence of major nervous system trauma as a result of the cardiac lesion or its treatment, performed significantly worse in a standardised test of academic achievement than a control group of children. The children with cardiac disorders were also more likely to have been referred for extra school assistance, though this difference was not statistically significant. Although major differences in IQ were present, and adjustment of academic performance for such variance decreased the above academic differences to being not statistically significant, this may have been a reflection of the lack of statistical power of the study. Furthermore, because the control group performed below the level of the normative sample on the WRAT-R, academic performance differences could well have been greater if the control group had been taken from the general population, as they probably would have if children having a corrective operation for more severe forms of cyanotic heart disease had been eligible. Other important findings were the lack of a statistically significant strong association between cognitive or academic outcomes and medical or perioperative parameters, as well as the lack of processing difficulties and attentional problems in the cognitive and behavioural profiles. The latter would have been suggestive ofhypoxia being a major determinant of poor performance. The cases were not rated as being less attentive by their teachers on the TRF, and the TRF maladjustment rate was the same for cases and controls, yet there were significant differences between the current perceptions of the parents of children with cyanotic heart disease, the teachers of these children, and the parents of the control children. The CBCL maladjustment rates for cases and controls differed significantly, and the parents of cases were more likely to believe that the cardiac disorder had affected their child's behaviour. The maladjustment rate for cases was also significantly greater than for the normative sample.
Overall, these findings are consistent with environmental factors other than those controlled for by maternal occupation and parental occupational prestige (such as parent-child interaction) contributing to the differences in 41 44 The inability to separately explain the effects of decreased physical activity, parent-child interactions, and other early environmental factors is a limitation of our study, though studying a group on average younger at the time of the corrective operation lessens the impact of such factors compared with other studies.8 35 Because such specific information is not recorded routinely, a prospective study would be required using relevant validated measures. Furthermore, the ability of this and other studies to determine whether hypoxia is a significant contributor to adverse outcomes is constrained by the lack of availability of suitable biochemical and haematological measures which integrate fluctuations over time." The failure to demonstrate significant associations with these parameters may have been due to their imprecision as markers for long term hypoxia. On the other hand, though multiple sampling of oxygen saturation may have enabled a better overall estimate of chronic hypoxia, it too has not been validated for this purpose.
Control group performance on the subscales of the WRAT-R was 03 to 0-65 SDs below that of the normative mean,20 and motor performance was also poorer than expected. The use of this control group may therefore have resulted in a substantial underestimation of the true effect of cyanotic heart disease. Using children who had cardiac surgery for acyanotic heart disease as a third control group may have allowed the effects of cardiac surgery to be separated from those of hypoxia, though differences in surgical and anaesthetic conditions would still need to be considered.
Since the early to mid 1 980s the operation of choice for children with transposition of the arteries has been the arterial switch procedure performed within the first few days of life, unless there is a more complicated cardiac defect. This results in cardiac anatomy and function much closer to normal. Mortality and morbidity (short term at least) have improved,45 and the potential adverse effects of chronic hypoxia or physical restriction have been limited. The conclusions based on our study may therefore not apply to many children with transposition born more recently. They do apply, however, to the large number of children with surgically ameliorated transposition who are now in their middle school years and beyond. Two follow up studies have reported on the developmental, cognitive, and neurological outcome of preschool children who have undergone arterial switch procedures. Unfortunately, these studies have also not adequately considered non-medical or other surgical factors. 46 47 Although there have been changes in the management of children with tetralogy, they have not been nearly as great, with an operation still performed at a much later age than for transposition.
Conclusion
Despite continuing improvements in surgical and medical management, children with cyanotic heart disease are at great risk of having difficulties at school. This includes those children without specific cardiac or noncardiac factors which are likely to predispose to a poorer outcome. Greater attention needs to be directed towards the factors influencing the long term quality of life, such as those that affect school performance. To do this, there must be continuing assessment of noncardiac outcome which takes account of changes in surgical management. This study suggests that hypoxia may not be the most important determinant of the increased school difficulties that these children experience. Further research needs to be directed towards developing a measure of chronic hypoxia and the determination of its effects on cognitive development. Research is also needed to more accurately describe the environmental influences on children with cyanotic heart disease.
For the practising paediatrician, there needs to be recognition that children undergoing major medical intervention in the first years of life can have important developmental problems even when the operation is successful. Vigilant monitoring of cardiac patients' academic and behavioural development, with the anticipation that counselling and tutoring may be needed, is required. In addition, these results emphasise the importance of counselling parents to recognise the special needs of their child and the importance of 'normalising' their child's existence to the greatest possible extent. Prescribed disability may be as deleterious as the consequences of the cardiac disease itself.
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